Abstract-Hybrid analog/digital architectures and receivers with low-resolution analog-to-digital converters (ADCs) are two low power solutions for wireless systems with large antenna arrays. Most prior work represents two extreme cases in which either a small number of radio frequency (RF) chains with fullresolution ADCs, or low-resolution ADC with a number of RF chains equal to the number of antennas is assumed. In this paper, a generalized hybrid architecture with a small number of RF chains and a finite number of ADC bits is proposed. In such a system, the received signal suffers from two compression stages. One is due to the analog processing stage and the reduced number of RF chains, while the other is a result of signal quantization by the ADC converters. The compression steps both complicate the estimation of the MIMO channel. In this paper, we propose an off grid compressive channel estimator that exploits the sparse structure of the millimeter wave channel to compensate for the loss of information inherent to the proposed architecture.
I. INTRODUCTION
The analog to digital converter (ADC) is a crucial component in modern digital communication receivers allowing exploitations of Moor's law for the low-cost implementation of sophisticated receiver functionalities in digital signal processing (DSP) [1] . As communications speed up, however, the cost, power, and availability of ADCs with sufficient precision (typical receiver implementation uses 6-12 bits precision) become a challenge. Some prior works provide different solutions for narrowband channel estimation for hybrid [2] , [3] and low resolution [4] [5] [6] architectures. These approaches vectorized the received signal and formulated the channel estimation problem as a sparse recovery problem to estimate the sparse channel.
Recently, a new architecture has been proposed to reduce further the power consumption in hybrid architecture operating at mmWave frequencies [7] . Previous works for hybrid architecture cannot be directly applied because they neglect compression due to the low-resolution ADCs. This motivates the development of a new estimation strategy that leverages the sparse nature of mmWave channel to compensate for the loss of information inherent to the proposed architecture is needed. This paper proposes a channel estimation strategy for mixed hybrid low-resolution MIMO architectures considering a frequency flat channel model. Simulation results show that the channel estimation error is low enough even when at a low SNR with a small number of bits and RF chains if the training length is appropriately chosen.
notations: a is a scalar, a is a vector, A is a matrix, and represents a set. For a vector or matrix, the transpose and The MIMO channel between the transmitter and receiver is assumed to be frequency-flat and it is modeled as a matrix H .
The channel matrix can be expressed as [2] [3] [4] [5] [6] 
where L denotes the channel rank which physically represents the number of spatial clusters. l  is the complex path gain of the l -th path; and R () l 
and also [8] .
The problem in (6) can be analyzed with one-bit compressed sensing framework sign( ). = y Φh (9) Important note is that this this binary assumption, we cannot obtain any information about the magnitude of the channel and the best one can to do so is to recover the normalized version of the channel.
Let be the set of atoms which construct a signal and defines as follow (10) So, the atomic norm is defined by its unit ball with the convex hull of [9] 
In the above formulation, the first and second constraint is because of quantization part and is a result of the fact that the product of quantized measurement and measurement is always non-negative. As in [10] we can write the following optimization problem. . In this paper we consider fully connected phase shifting networks as described in [11] . We also consider the phase shifters used in both transmitter and receiver quantized with 7 Q = quantization bits. This means that the realizable angles in the phase shifters should be stack from the set In Figure 2 and Figure 3 , we show the average NMSE as a function of the SNR and the number of RF chains when using one-bit ADCs for 64 M = and 256 M = training frames. In is clear that by increasing the number of RF chains, the estimation error will be low enough even in low SNR regime.
The analysis of training frame effect in the channel estimation error is given in Figure 4 . This Figure Shows the average NMSE for M ranging from 32 up to 512 frames for SNR=10dB.
V. CONCLUSION
In this paper, we proposed an off the grid channel estimation algorithm based on BiANM that operates with a hybrid architecture and low-resolution ADCs. Simulation results showed that acceptable levels of estimation error could be obtained when operating with a small number of bits and RF chains. 
